Abstract. Eye movement tracking is a commonly used method for researchers to study the cognitive process of individuals in the Human Computer Interface (HCI) domain. By tracking the eye movement of the test subjects, researchers are then able to investigate into the cognitive processing of the participants. This method is also used widely in the field of Air Traffic Control (ATC), many involving the use of wearable device and multiple displays. However, work on the eye movement activity on a single screen, the radar screen, with the use of a remote eye tracker is sparse. This paper presents an algorithm for computing some eye tracking metric for such a study and together with some results from an experiment. These metrics are shown to be effective and useful, allowing it to serve as a good basis for further work in this domain.
Introduction
Eye-movement tracking is an increasingly popular method being adopted by many researchers in their field of study to better understand the usability issues in the Human-Computer Interaction (HCI) environments. Eye-tracking is a technique whereby an individual's eye movements are measured so that the researcher can identify both where the test subject is looking at any given time, as well as the sequence in which their eyes are shifting from one point to another [1] . By tracking the eye movements of the test subject, a better understanding of the visual and display-based information processing can be achieved. In this case, one can investigate into the level of information processing that the participant is subjected to.
It is interesting to note that such technology actually developed from over 100 years ago from reading research [2] . Over the years, eye tracking technology have improved from using electrodes mounted around the skin of the eye (Electro-Oculograhic Technique), wearing of large contacts lenses that covers the cornea and sclera [3] to modern remote eye tracker technology and wearable glasses technology which is deemed to be more comfortable and less invasive. Eye tracking research has been used for many applications. They are used to provide more insights to problem solving, visual search strategies and many more [4, 5] . As eye movements is able to provide further insights on the cognitive processes of individuals, it is seen as a rich research tool in HCI related topics, with human factors (HF), being one of them [6] .
In the context of Air Traffic Control (ATC), eye tracking devices have been deployed for many uses. Many of such uses involve the use of a wearable eye tracking device and also multiple displays, to test the usability of some displays and also the situational awareness of ATC training [7, 8] .
Few studies have attempted to use the eye tracking device to monitor eye movement behaviour based on the activity of a single screen, let alone the radar display of the Air Traffic Controller (ATCo). The difficulty of such a study lies in the constant zooming and panning action done by the ATCo most of the time and also the lack of an accurate, non-intrusive eye tracker to trace the eye movement behaviour of the ATCo.
Objective
The objective of this paper is to create an algorithm for a remote eye tracker to trace the different eye movement behaviour of the ATCo while looking at the events happening at the radar display.
A study was done to determine the effectiveness and sensitivity of the eye metrics computed from the algorithm in detecting the changes of eye movement activity. The participants who took part in this study are novice ATCo with no experience in ATC.
Approach Eye Tracking Metric
The following eye tracking metrics are identified, showed with its definitions and meanings, as shown in Table 1 . Area on the display where all fixations are functionally equivalent [10] Fixation Count Count of the number of fixations A measure of underlying processing efforts [11] Fixation Count per AOI Fixation within the defined AOI Frequency indicates the need to monitor that AOI, indicating importance [6] Fixation Duration A longer fixation duration indicates the longer processing time is needed to extract information [12] Gaze Duration per AOI Sum of all successive fixations Processing time used for perceiving the information, measure of difficulty in processing information by ATCo [13] Used as a measure of anticipation for SA, if longer gaze falls on AOI before event occurs [7] Experimental Setup
The equipment used to perform this study are the remote eye tracker, Tobii X2-30, a real time air traffic control simulator, NARSIM. A post processing tool, TopSky-HF, is used to record and post process the eye tracking data. The setup is seen in Figure 1 with the radar display, displayed on a 2K screen. The eye tracking metrics used for this experiment are fixation count per AOI and gaze duration per AOI. Figure 1 . Experimental Setup.
Experiment Design
The dependent variables (observations) of the experiment are total fixation count per AOI and total gaze duration per AOI. The experiments are divided into the ER and TMA scenarios, to study if such metrics are useful to detect any changes in the eye movement behaviours of the participants. Every run of the simulation lasted for one hour.
For the ER scenario, the independent variables are number of conflicts, number of FL and number of aircraft. This study used a 3 (number of conflicts: no crossing, no conflict, crossing, no conflicts, crossing, conflicts) x 3 (number of FL: 4, 6, 8) x 3 (number of aircraft: 40, 60, 80), single replicate design. For TMA scenario, the independent variables are the number of flight merging paths, number of holdings and number of aircraft. This study used a 3 (number of merging paths: 0, 1, 2) x 3 (number of holdings available: 0, 1, 2) x 3 (number of aircraft: 40, 50, 60), single replicate design.
Procedure
Before the experiment began, the participants were briefed on what they are supposed to do as the ATCo and the pseudo pilot, followed by instructions on how to use the equipment. The participant playing the role of the ATCo will be required to adjust his sitting posture correctly and also to calibrate his eyes to the center of the screen, to ensure that the eye tracking data collected is consistent. They will not be informed of the type of scenario so as to prevent any biasness in the results.
Method (Processing Eye Tracking Data)
The eye tracking data are collected from the Tobii X2-30 server and the radar screen loggings from the NARSIM logging simulator. The computation of the final eye tracking metric, total fixation count per AOI and total gaze duration per AOI for data analysis is shown in the different phases of calculation below. Table 2 shows the steps to determine the fixations and their respective fixation duration, for the one hour simulation duration. It is also necessary to convert the timestamp values from unix time to absolute simulation time in seconds in order to compare with the radar loggings. , to determine the fixation location and its respective fixation duration
Phase 2: Post Processing of Radar Screen Logging
The radar logging file from NARSIM is in the format as shown in Table 3 , which indicates all the activity of the radar display that is constantly being traced. All these activities have a timestamp in absolute simulation time and such logging information is printed line by line in ascending order. The main aim of this phase is to determine the location of the aircraft's track position in terms of pixel data so that it can be compared to the eye tracking metric values from the eye tracker. In addition, information like 'rng' and 'OFC' are crucial in determining the effective AOI of the radar screen. Table 5 shows the steps needed to determine the aircraft track and its respective track label in terms of Px and Py. Determine the pixel locations of the track label, by sorting out the timestamp correctly, then matching the correct callsign before calculating the values accordingly, using the pixel_cm value (each track label has a standard size of 2cm by 2cm). Table 6 shows the steps to determine the effective AOI, while Table 8 shows the steps to determine the metrics measured in this experiment, total fixation count per AOI and total gaze duration per AOI. Table 6 . Steps to determine the effective AOI of the radar display.
Phase 3: Determining Fixation Count per AOI and Gaze Duration per AOI

Steps Description 1
Identify AOIs and the type from the Aeronautical Information Publication (AIP) 2
Determine the size of the AOI, by range of Px and Py values from the initialized range of the radar screen Table 7 . Steps to determine the effective AOI of the radar display (Cont.). 
Steps Description
These steps can be repeated for all other points of the AOI Table 8 . Steps to compute total fixation count per AOI and total gaze duration per AOI. Determine the total fixation count per AOI by counting the total number of fixations within the AOI in the whole simulation duration 5
Determine the gaze duration per AOI by summing up the fixation duration of consecutive fixations within the AOI 6
Determine the total gaze duration per AOI by summing up all the gaze duration per AOI for each AOI After computing all the total fixation count per AOI and total gaze duration per AOI, these values can then be tabulated across different simulations for further data analysis.
Results and Analysis
For the TMA scenarios, it is shown that with an increase in the number of aircraft, there is an increase in the total fixation count per Instrument Landing System (ILS) merging AOI. This can be attributed to the fact that there is a larger pressure to land the aircraft safely, hence, more focus on the ILS region to issue the aircraft for landing. In addition, with the increase in ILS merging, there is an increase in hotspot fixation, as seen in Table 9 . Critical regions such as the ILS region are deemed important to the novice ATCo. It is difficult as ATCos are required to monitor and command changes of the flight level, airspeed, heading of the aircraft by communicating with the pseudo pilot, while aligning the aircraft position in space. Subsequently, an increase in number of holdings results in an increase in total hotspot gaze duration, as seen in Table 10 . This shows that with more holdings utilized, there is more information processing done by the novice ATCo. For ER scenarios, an increase in the number of crossing results in an increase of total fixation counts at non-crossing AOIs, as seen in Table 11 . This shows that novice ATCos plan for conflict detection. As a result, there is an increase in the non-crossing point AOIs. 
Conclusion
This study shows that such eye tracking metrics can be derived in such a manner is effective and sensitive enough to detect any changes in the eye movement behaviour of the ATCo, as seen in the results presented. Therefore, this can then serve as a good starting point for researchers who wish to study the eye movement behaviours, relating to the cognitive process of ATCos.
Further work can be done to implement more eye tracking metrics to test their effectiveness similarly. Subsequently, more work can be done to determine the limit of the zooming action and the effectiveness of the AOIs pre-defined.
